growth of the cells were closely resembled to those of Eagle's minimum essential medium (MEM).i" Within lower levels of amino acids than those of MEM, the growth rate of the cells depended on the concentration of the most limiting amino acid in the medium, and on the concentration of the most limiting amino acid in the cells. Like whole animals, the amino acid pattern for the maximum growth under definite nitrogen levels also differed between low and optimum levels of amino acids. Neither antagonistic nor cooperative relationship between amino acids such as leucine-isoleucine or lysine-arginine antagonism was observed on the cell growth within these experimental conditions of amino acid balances.
Unlike whole animals, addition of an amino acid excessively to the low amino acid medium did not inhibit the growth of the cells, and no imbalance phenomenon was observed in vitro. 
MATERIALS AND METHODS
Cells and culture method. The HeLa cells, , human uterine epithelial carcinoma cells, have been cultured in 9 ml of the Eagle minimum essential medium (DIE\I)1) and I ml of calf serum on monolayer cul ture in 200 ml bottles. The cells in a culture flask were divided into 2 to 3 flasks for 4 to 5 days' inter vals, depending on the cell density by the following manners: The culture medium in w flask was dis carded and the cells attached on the glass were washed twice with Ca-and Mg-free EDTA salt solution in which 0.02%, of EDTA-Na, 1° of NaCl, 0.025° of KCl, 0.025% , of KH2PO4 and 0.144° of K2HPO4 were contained. The cells were left for a few minutes at room temperature till they became ready to come off the glass, detached with 18 or 27 ml of the ME\1 by pipetting the glass surface to make the cells sus pended in the MIEM, and the cell suspension was divided into other new flasks. Calf serum was added, the bottle was closed with rubber stopper, and the cells were incubated at 37°C until next division.
Preparation of experimental flasks.
Cells were harvested from stock culture flasks as the same man ner mentioned above except that the cell suspension was made with a medium lacking one amino acid or medium containing lower levels of amino acids instead of the MEM . Suspended cells were poured in each medium containing a proper amount of the amino acids tested and incubated at 37°C for 4 to 5 days. In preceding experiments, linear cell growth was observed till the 7 th day by the determination of cell count and till the 5th to 7th day by meas urement of proteins in the cells. From above results, the cell growth was expressed by cell count at the 4th or 5th day of incubation.
Cell count was performed in living conditions or after fixation and staining under a light microscope.
Growth of the cells illustrated in Fig. 1 was expressed as number of the cells under one microscopic view (10 x 10), and the others were expressed as comparative growth to that in the MEM as the standard medium. All values cited were the mean of the 3 to 5 flasks and 3 points of each flasks were counted for the number of the cells. Number of the cells transplanted at the beginn ing of the experiments was corrected approximately 1.5 x 104 cells/ml.
Culture medium. All amino acids were purchased from Kyowa Hakko Kogyo Co., and salts and glucose were from \Vako Chemical Co., which were reagent grade. Redistilled water was used for making me dium. To prepare experimental medium, amino acid stock solutions were made by omitting or reducing one amino acid. Adjustment of pH in medium pre paration was performed by the addition of bicarbo nate solution using phenol red as u indicator. No antibiotics were added in the experimental medium.
Since only one report20) can be available for suc cessive proliferation of HeLa cells in a medium without serum, 10% dialyzed calf serum was used for the experiments.
In preliminary experiment, a minimum amount of calf serum for the maximum growth of the cells was determined as 1000 in the MENI. Therefore 1000 serum level was used throughout experiments.
Calf serum was prepared from newborn calf blood by the method mentioned by Eagle.= Complete removal of free amino acids in the dialyzed serum was checked by an amino acid autoanalyzer.
But no tryptophan was measured, for tryptophan was decomposed by the ordinary method for preparation and analysis of free amino acid by autoanalyzer.
The procedure was followed to the method of Stein-Moore,21) with by an amino acid autoanalyzer of Technicon Instrument Corp.
Analysis of free amino acids in the cells.
For the analysis of free amino acids in the cells, the cells 18) A. Yoshida 
RESULTS

Requirement of amino acids
When the level of a single amino acid was varied and all other amino acids were fixed at the levels of the MEM, growth of the cells was varied according to the concentra tion of the varied amino acid (Fig. 1) . Growth response curves of the cells for each amino acid varied were quite similar pattern to the results of Eagle."
Lack of one amino acid in the medium inhibited the cell growth except tryptophan deficiency.
There was a possibility that free tryptophan still bound to plasma albumin of dialyzed calf serum."' Maximum growth was attained at the order of 0.1 mm of each amino acid, over which growth inhibition generally occurred.
It was especially severe in the excesses of valine, isoleucine, arginine, tryptophan and lysine.
Effects of the levels of amino acids on the growth of the cells From Fig. 1 , the concentration of amino acids needed for the half (50°c growth) of the maximum growth of the cells was cal culated.
In this calculation, lower concen trations than those of the MEM were taken and values obtained are shown in Table I along with the result of Eagle from his own result."' Again very resembled values were obtained with slight differences in the values of leucine, lysine, threonine and valine. The 500 growth medium was prepared in which the concentration of each amino acid was restricted to that of 50°o growth shown in Table I . The growth of the cells cultured in the 50°o growth medium showed approxi mately the half compared with that in the MEM.
The result is shown in Table II with the calculated values when one amino acid was reduced to 1/5 of the MEM from Fig. 1 . The growth of the cells cultured in a medium in which all amino acids were reduced to 5000 growth levels, was practically the same as those of the cells cultured in media in which one amino acid was reduced to 5000 growth level and the others were kept at the levels of the MEM.
On the other hand, when the concentration of one amino acid was restricted at the level of 1/5 of the MEM, a great variety of growth rate was expected depending on the kinds of amino acids: The most shortage amino acid was isoleucine and the most abundant was histidine . The growth response of the cells to varying isoleucine concentration in the medium was very sharp as shown in Fig. 1 The amino acid composition of the MEM is shown in Table I . No of cells expressed as cell number in one microscopic view (10X10). Balances of branched chain amino acids As mentioned above, the growth rate of the cells was restricted by the amount of the most limiting amino acid, but there was a possibility that the requirement of an amino acid was affected by the other amino acids especially in the case of branched chain amino acids as known in bacteria 13,14) and higher animals."
If the cell growth was affected to the balance of branched chain amino acids, the growth response to varying isoleucine level might change by shifting the other branched amino acid concentration.
The con centration of isoleucine was reduced to 0.07 mm (Low Ileu Med) or was increased to 0.8 mm (High Ileu Med) and the other amino acids were kept at the levels of the MEM. The growth of the cells in these media was expected, from Fig. 1 , to be about 5090 of the MEM.
Under these isoleucine levels, valine and leucine were decreased to 0.1 mm at lower level, or were increased to 1.0 mM at higher level, and the former was named as the Low Branched Amino Acids Med. and the latter was named as the High Branched Amino Acids Med. No obvious difference of the growth of the cells was observed by changing the balance between isoleucine and the other branched amino acid acids (Fig. 2) . This result suggested that the growth of the cells was defined by the limiting amino acid level, the concentration of isoleucine in this case, and that varying the levels of the other amino acids did not practically affected on the growth rate of the HeLa cells.
Free amino acid concentrations in the cells
Free amino acids in the cells cultured in the MEM, the 5090 growth medium, and the Low Ileu Med were investigated (Table III) . All free essential amino acids except arginine in the cells cultured in the MEM were higher than those of the cells cultured in the 500 growth medium.
In the case of the Low Ileu Med, free essential amino acids in the cells were slightly lower than those in the cells cultured in the MEM, but considerably higher than those in the cells cultured in the 50% growth medium except only one amino acid isoleucine.
Free isoleucine content in the cells harvested from the Low Ileu Med was strongly depressed compared with that in the cells from the MEM.
Excess of an amino acid in the medium
In an amino acid pattern in the 50% growth medium and that in the MEM (Table I) , neither excess nor shortage of essential amino acids should exist. By the addition of one amino acid to the 50% growth medium as much as the level of the MEM, an amino acid added was expected to be excess in the medium.
Most of the amino acids added to the 5000 growth medium did not affect on the growth of the cells, but some amino acids such as arginine, threonine, and cystine stimulated the growth of the cells (Table IV) . These results contrasted to the whole animals which were generally inhibited in their growth by the excess addition of one amino acid to a low amino acid mixture diet."'
The growth response of the cells for the excess of one amino acid added to the MEM was calculated from Fig. 1 
